Two experiments, involving six experiment stations in the North Central Region of the United States, were conducted to examine the space requirements of mixed-sex pigs (barrows and gilts) from 54 to 113 kg live weight. In both experiments, corn-or milo-soybean meal-based diets were formulated within stations to contain .6% lysine and no growth-promoting feed additive. In Exp. 1, entire pens of pigs given .56, .74, or .93 m2/pig remained on test until the week that the individual pen of pigs weighed 2 113.6 kg. In Exp. 2, treatments were 5 6 , .74, .93, and 1.11 m2/pig and individual pigs were removed during the week that they weighed 2 113.6 kg. There (.265, .268, .274, and .281, respectively) suggested that pig performance reached a plateau. These results suggest that performance of pens of mixed-sex pigs grown to 113 kg live weight was maximized at the .93 m2/pig space allocation.
Introduction
Investigators have reported on the response of finishing pigs (50 kg live weight to market weight) to various space allocations in either partially or totally slatted facilities since 1966 (Gehlbach et al., 1966) . Kornegay and Notter (1 984) summarized the effects of floor space in 12 experiments for finishing pigs in the weight range of 44 to 92 kg. More recently, Moser et al. (1985) and Meunier-Salaun et al. (1987) reported the effects of space restriction for pigs up to 100 kg live weight. A majority of U.S. packers discount the price that producers receive for pigs that weigh < 100 to 105 kg, so the economic incentive is to market pigs at weights heavier than the final weights of pigs in the previous experiments. In 1991, average sale weights of market hogs were 109.5 kg for farrowing-toIJournal Series 10016, Agric. Res. Div., Univ. of Nebraska.
'The Committee during the study included: R. D finish producers on the University of Nebraska Swine Enterprise Records program (Kabes, 1992) and 110.5 kg for Iowa cooperators in a similar record program (Stevermer, 1992) . Thus, it is possible that research used to formulate the current management recommendation of .74 m2/pig pen space for pigs from 68 kg to market weight (Fritschen and Muehling, 1986) is not applicable to current production practices. The objective of the following experiments was to determine the effects on pig performance of various floor space allowances for pigs from 53 kg to 113.5 kg.
Materials and Methods
Six experiment stations in the North Central Region of the United States cooperated in two experiments. Station identification, number of pigs, and number of replications per station per experiment are presented in Table 1 .
Within each experiment, space occupied by the feeder and waterer was subtracted from total pen space in the determination of space treatments. If a pig was removed from a pen during an experiment, pen size was adjusted to maintain the correct space allocation per pig. Within stations, the ratio of slatted floor to solid floor was similar across all treatments. Sprinkler cooling was used for replications conducted during summer months at all stations except Minnesota.
One drinker space was provided per pen at all stations. There was a maximum of four pigs per feeder space within each pen in Exp. 1 and five pigs per feeder space in Exp. 2. The ratio of barrows:gilts was the same within pens in each replicate within station.
All pigs were provided ad libitum access to a cornor milo-soybean meal-based diet in meal form containing no antibiotic as a growth promotant. Diets were formulated within stations to contain .60% lysine, .65% calcium, and 50% phosphorus. All diets met or exceeded NRC ( 19 8 8) nutrient requirements for finishing pigs.
Pigs were weighed a t 14-d intervals until pen means averaged 91 kg, at which time weekly weighing was initiated until termination. Feed disappearance was determined at each weigh day. Experiment 1. Space allowances of 5 6 , -74, and .93 m2/pig were examined with a minimum of 10 pigs per pen. Individual pens were terminated during the week that the pen average weight was 2 113.6 kg. Individual pigs were not removed from a pen for slaughter until the pen average weight was 2 113.6 kg.
Experiment 2. Space allowances of 5 6 , .74, .93, and 1.11 m2/pig were investigated. Unlike Exp. 1, pigs were removed individually during the week that they weighed 2 113.6 kg. Pen size was not adjusted after removal of pigs at this weight. The protocol specified that beginning the week when 2 50% of the pigs had been removed from a pen, the remaining pigs were fed as a group for up to 3 wk or until the pen averaged 113.6 kg. However, some stations continued to remove pigs weekly during this 3-wk period.
Unlike Exp. 1, the number of pigs per pen was not uniform across all space allocations at all stations. At Missouri the 3 6 , .74, .93, and 1.11 treatments had 10, 10, 8, and 7 pigsipen for the respective treatments. Kornegay and Notter (1984) suggest that this variation in number of pigs per pen could affect ADG by .004 kg, ADF by .01 kg, and feed:gain by .02. These differences are small compared to the increase in statistical precision gained from the added observations.
Statistics. The pen of pigs was considered the experimental unit for statistical analysis. Analysis of variance of the randomized complete block design was conducted using SAS ( 1988) . Orthogonal contrasts were used to test linear and quadratic effects of space allocation in Exp. 1 and linear, quadratic, and cubic effects in Exp. 2. The error mean square of the station x treatment interaction was used as the error term to test treatment effects. The treatment x replication within station error mean square was used to test station x treatment interactions.
Results and Discussion
Results of pig performance for Exp. 1 are reported in Table 2 . There were no significant ( P > . l > station x treatment interactions for any variable reported.
Increasing the space allowance per pig for pigs with an initial weight of 53 kg from .56 to .93 m3 resulted in a linear improvement in ADG ( P < .005), ADFI ( P < .05), and gain:feed ( G:F) ( P < .05). The coefficient of variation of pig weight within a pen was calculated on the day that a pen of pigs was removed from the experiment. The coefficient of variation was not affected by space allocation ( P > .1).
In addition to overall pig performance, the data reported for Exp. 2 include performance from d 0 until the week that the first pig within a replicate was marketed at 2 113.6 kg. The results of Exp. 2 are presented in Table 3 . There was a positive linear ( P < .0005) relationship between pig weight at the time of the first pig's removal within a replicate and space allowance. Coefficients of variation for within-pen weight did not differ ( P > .1) for the same period.
Increasing the space allowance per pig resulted in a linear ( P < .0005) improvement in ADG for both periods. Average daily feed intake responses were similar to ADG, with a linear ( P < .0005) improvement with increasing space for both periods and a quadratic ( P < .O 1) improvement overall. However, there was little difference in the mean values for the .93 and 1.11 m2/pig treatments within each time period. Gain:feed improved linearly ( P < .0005) for the period from d 0 to first pig removal and for the overall period with increasing space per pig.
Experiment 2 was designed to investigate, with the addition of the 1.11 m2/pig treatment, whether a plateau in performance would occur. In addition, most producers remove individual pigs from pens when the pigs reach market weight (Exp. 2 ) rather than removing a pen of pigs at a given average weight (Exp. 1). Experiment 2 was designed to investigate further whether this method of removal, which increases the space available for the remaining pigs, results in improved performance subsequently and possibly results in different overall pig performance when contrasted with results from Exp. 1. The similarity in ADG, ADFI, and G:F for both periods in Exp. 2 suggests that there was no improvement in performance after the removal of one or more pigs for Swine, 1984) .
Unknown from any of the summaries or experiments noted above is the interaction of space and nutrition. In both experiments reported in this paper and the experiments referenced earlier, diet composition was constant across all space allocations investigated. Thus, a reduction in ADFI due to less space per pig is confounded with a reduction in nutrient intake.
In the two experiments reported herein, diets were formulated to contain .6% lysine, which is the NRC Behavioral vices were minimal for crowded pigs in these experiments. Only one station (Nebraska) reported any tail biting (one pen assigned to the .56 m2/pig treatment in Exp. 1 ) .
Partially or totally slatted facilities often represent a major economic investment. Kornegay and Notter (1984) concluded that optimum floor space for individual pig performance may be inconsistent with maximizing pork production per unit of floor space. Powell and Brumm (19921, using preliminary results from Exp. 1 (NCR-89 Committee on Swine Confinement Management, 1991) reached the same conclusion. Thus, the criteria examined may yield different results when experiments are conducted examining space requirements of pigs.
Implications
These results suggest that performance of pigs marketed at 113 kg is maximized at .93 m2/pig in partially or totally slatted facilities. Providing finishing pigs with less space results in a reduction in gain, due in part to decrease in daily feed (i.e., nutrient) intake with a lesser reduction in feed efficiency. Unknown from these experiments is whether diet modification (energy and[or] amino acid additions) would modify the reduction in weight gain associated with the reduced feed intake.
